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Abstract 

Background: The importance of achieving complete revascularization by percutaneous coronary intervention (PCI) 
in patients with acute myocardial infarction (Ml) on exercise capacity remains unclear. 

Objective: To compare exercise capacity early after acute ST-elevation myocardial infarction (STEMI), 

in patients receiving PCI with stenting, between those completely revascularized (CR) and those incompletely 

revascularized (IR). 

Methods: We retrospectively reviewed 326 patients [single-vessel disease (SVD) group, 118 patients; multivessel 
disease (MVD) with CR group, 1 12 patients; MVD with IR group, 96 patients] who underwent cardiopulmonary 
exercise testing 7-30 days after STEMI to measure peak oxygen uptake (V02peak)/ oxygen uptake at anaerobic 
threshold (V02at). and peak oxygen pulse. Demographic data, presence of concomitant diseases, STEMI 
characteristics, and echocardiography and angiography findings were evaluated. 

Results: Most patients were male (89.0%) and mean age was 55.6 ± 1 1.2 years. Ischemic ST deviation occurred 
in 7.1%, with no significant difference between groups. V02peak and VO2AT did not differ significantly between 
groups, despite a trend to be lower in the CR and IR groups compared with the SVD group. Peak oxygen pulse was 
significantly higher in the SVD group than in the IR group (p = 0.005). After adjustment for age, gender, body mass 
index, cardiovascular risk factors. Ml characteristics and echocardiography parameters, CR was not an independent 
predictor of V02peak (OR = -0.1 23, 95% confidence interval [CI] -2.986 to 0.232, p = 0.093), VO2AT (OR = 0.002, 95% CI 
1 .735 to 1 .773, p = 0.983), or peak oxygen pulse (OR = -0.1 02, 95% CI -1 .435 to 0.1 05, p = 0.090). 

Conclusion: CR in patients with STEMI treated with PCI for multivessel disease might show no benefit on short-term 
exercise tolerance over IR. 

Keywords: Myocardial infarction. Percutaneous coronary intervention. Angioplasty, Revascularization, Multivessel 
disease. Exercise capacity 



Background 

Primary percutaneous coronary intervention (PCI) in the 
infarct-related artery (IRA) is now considered the gold 
standard for patients with acute ST-elevation myocardial 
infarction (STEMI) [1,2]. Multivessel disease (MVD) is 
relatively common in patients with STEMI, with a re- 
ported prevalence ranging from 50% in highly selected 
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subjects enrolled in randomized clinical trials, such as 
the CADILLAC study [3], to 80% in those included in 
more comprehensive registries or those with cardio- 
genic shock, such as in the SHOCK trial [4,5]. This high 
frequency raises important therapeutic and prognostic 
issues concerning whether to target revascularization 
therapy to the IRA only, or whether to include other 
vessels affected by stenosis. There are evidences that 
limiting PCI to the IRA has the advantages of a shorter 
procedure duration, decreased use of dye, and reduced 
incidence of peri-procedural myocardial infarction (MI), 
whereas targeting additional diseased arteries shows the 
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advantages of decreased rate of recurrent angina, and a 
superior left ventricular ejection fraction (LVEF) [6]. 
Nonetheless, it is still unclear whether complete revas- 
cularization (CR) is superior, equivalent, or inferior to 
incomplete revascularization (IR), in terms of the risk- 
benefit balance. 

Exercise capacity is a powerful predictor of all-cause 
mortality [7]. This premise appears to hold true in asymp- 
tomatic healthy individuals, as well as in populations 
of patients with a chronic disease [8]. Recently, several 
studies demonstrated that cardiopulmonary exercise 
testing (CPET) is a useful technique for the assess- 
ment of myocardial ischemia [9-11], and may be used 
as a method for measuring the effects of therapy [12,13]. 
Studies also showed that CPET has a prognosis value 
in MI patients [7-13]. 

Available data about the relative advantages and disad- 
vantages of CR and IR in patients with acute STEMI 
undergoing PCI with stenting is limited. The aim of this 
study was to use CPET within 30 days of STEMI to assess 
parameters reflecting exercise capacity (including peak 
oxygen uptake, V02peai<)> and to use these as outcome 
measures to compare the benefits of CR and IR in this 
cohort of patients. It was predicted that the results of 
our study would provide additional, useful information 
that would help guide clinicians making management 
decisions for patients with MVD requiring revasculari- 
zation after STEMI. 



Methods 

Study population 

The study protocol was conform to the ethical guidelines 
of the 1975 Declaration of Helsinki, and was approved by 
the Human Research Committee of the Peking University 
Third Hospital (Beijing, China), which waived the require- 
ment for informed consent. 

We selected our study population from a database, 
which contained 1600 patients admitted to the Peking 
University Third Hospital, China, between September 2007 
and December 2011 for an acute STEMI. Inclusion cri- 
teria were: 1) acute STEMI; 2) successful primary PCI 
using drug-eluting stents; and 3) CPET performed 
within 7-30 days of STEMI onset. The clinical criteria 
used for STEMI diagnosis at the time of admission were: 
1) chest pain persisting >30 minutes; 2) ST-segment eleva- 
tion of at least 0.1 mV in >2 contiguous electrocardio- 
graphic leads; and/or 3) increased levels of cardiac 
biomarkers (creatine kinase-MB, troponin-I, or troponin- 
T). Exclusion criteria were: 1) cardiogenic shock at presen- 
tation (systolic blood pressure < 90 mmHg); 2) pulmonary 
edema on admission; 3) previous MI; 4) pulmonary dis- 
ease comorbidity (such as chronic obstructive pulmonary 
disease); or 5) previous revascularization procedure (PCI 



or coronary artery bypass grafting, CABG). After applica- 
tion of these criteria, 326 patients were available for ana- 
lysis. Patients were included if their whole dataset was 
available. 

Included patients were classified into 3 groups: a single- 
vessel disease (SVD) group (n = 118), a MVD with CR 
group (n = 112), and a MVD with IR group (n = 96). 
Demographic data, comorbidities, STEMI characteristics, 
angiography findings, revascularization procedure, echo- 
cardiography data, and CPET results were evaluated. 

Catheterization protocol 

In all patients, diagnostic coronary angiography followed 
by PCI of the IRA was performed immediately after admis- 
sion, using standard techniques. PCI of the IRA was based 
on angiography-guided decisions. The goal of PCI was to 
restore thrombolysis in myocardial infarction (TIMI) grade 
3 flow with residual stenosis <30%. Achievement of this 
goal was defined as a successful procedure. Delayed PCI of 
the non-IRA was performed during the subsequent days 
of the index hospitalization. After primary PCI, all patients 
received 100 mg of aspirin daily (indefinitely) and 75 mg 
of clopidogrel daily (for one year), as well as p-blockers 
(BB), angiotensin-converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARB), and statins, if these 
agents were not contraindicated. 

The coronary arteries were classified based on anatomical 
criteria. The following vessels were considered as major 
coronary arteries: left main, left anterior descending, 
circumflex, and right coronary arteries. Diagonal, obtuse 
marginal, and intermediate branches were considered to 
be major branches. Lesions at a bifurcation were analyzed 
as if they were two diseased arteries. MVD was defined 
as the presence of >50% stenosis of >2 major epicardial 
coronary arteries or their major branches, as assessed 
during initial coronary angiography. The coronary artery 
disease (CAD) severity in MVD patients was assessed 
according to a modified Gensinis stenosis scoring system 
[14]. This score is computed by assigning a severity score 
to each coronary stenosis based on the degree of luminal 
narrowing and its topographic importance. Reduction in 
lumen diameter was evaluated and assigned a score of 1, 
2, 4, 8, 16 and 32 for 25%, 50%, 75%, 90%, 99% and 
complete occlusion, respectively. A multiplier was also 
assigned to the value of each affected segment based on 
the functional significance of the myocardial area supplied 
by that segment: 5 for the left main coronary artery; 2.5 
for the proximal segment of the left anterior descending 
artery; 2.5 for the proximal segment of the circumflex 
artery; 1.0 for the right coronary artery, the distal segment 
of the left anterior descending artery, the posterolateral 
artery and the obtuse marginal artery; and 0.5 for all 
other segments. 
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CR was defined as the absence of total occlusion, with 
no residual stenosis of >70% found in any major coronary 
artery or major branch, at discharge, based on visual 
assessment [15,16]. To validate the visual assessment, 
quantitative coronary angiography (QCA) was performed 
in 254 lesions and compared with visual assessment; there 
was no significant difference between the two methods 
(P = 0.41, data not shown). 

Cardiopulmonary exercise testing 

Current guidelines recommend CPET during hospital- 
ization or early after discharge [17-19]. CPET was per- 
formed in our patients with the primary aim of prognosis 
assessment, and to determine exercise intensity based 
on V02max ^nd oxygen uptake at anaerobic threshold 
(V02at)- After a familiarization test, a symptom-limited 
CPET was performed within 7-30 days of STEMI, in a 
single-exercise laboratory. We used a modified Bruce 
treadmill protocol with continuous monitoring of 12 
standard echocardiographic leads. Analysis of ventilatory 
expired gas was performed using a metabolic system 
(MAX-II, Physio-Dyne Instrument Corp., USA). The fol- 
lowing endpoints were used for termination of the test: 1) 
achieving 85% of the predicted maximum heart rate for 
age; 2) respiratory exchange ratio (RER) >1.1; 3) presence 
of chest pain, dyspnea, dizziness, palpitations, leg pain 
or fatigue; 4) fall in systolic blood pressure of 10 mmHg 
accompanied by symptoms of lightheadedness; 5) excessive 
systemic blood pressure increase to >230/130 mmHg; 6) 
sustained ventricular tachycardia or frequent runs of 
non-sustained ventricular tachycardia; or 7) horizontal 
or downsloping ST depression >0.2 mV. Test results were 
interpreted by two experienced evaluators who were 
blinded to: 1) patients' names; 2) other studies results; 
3) patients' clinical history; and 4) physical findings. 

An ischemic ST deviation was defined as ST depression, 
measured 0.08 s from the J point, of 0.1 mV or more, and 
followed by more significant ischemia until the end of 
the test. The definition of V02peak was the highest O2 
consumption during any stage of maximal exercise that 
could be sustained for 30 s. The VO2AT was measured by 
the V-slope method [20]. The oxygen pulse was defined as 
the oxygen consumption per heart beat, and is related dir- 
ectly to the stroke volume according to the Pick formula: 
oxygen pulse = stroke volume x (arterial - venous) oxygen. 

Statistical analysis 

Statistical analysis was performed using SPSS 20.0 for 
Mac (SPSS Inc., USA). Continuous parameters are ex- 
pressed as mean ± standard deviation (SD) unless otherwise 
specified; categorical variables are presented as numbers 
and proportions. For continuous variables, comparisons 
between groups were made using one-way analysis of 
variance (ANOVA), with a Fishers LSD post-hoc test. 



Categorical variables were compared using the Chi-square 
test. Relationships between CPET parameters, angiography 
findings, subject demographic features, STEMI characteris- 
tics, and cardiovascular risk factors were assessed using 
regression analyses. A p-value <0.05 was indicative of 
statistical significance. 

Results 

Participants' characteristics 

Clinical characteristics of the participants are summarized 
in Table 1. The majority of patients were male (89.0%), 
mean age was 55.6 ± 11.2 years, 48.8% of patients had 
anterior wall MI, and the proportion of Killip Class I 
on admission was 97.2%. There were no significant dif- 
ferences between the three groups in any characteristic, 
with the exception of hypertension: hypertension was 
more common in both the CR and IR groups than in 
the SVD group (p < 0.05), but did not differ between 
the CR and IR groups. 

Angiography and intervention 

Comparison of these data between the IR and CR groups 
revealed that patients with IR had a higher prevalence 
of three-vessel disease (57.3 vs. 31.3%, p < 0.001), and 
were managed using fewer stents (1.6 ± 0.7 vs. 2.1 ± 0.8, 
p < 0.001) than patients with CR, including the stents 
from an eventual second PCI in the CR group (Table 1). 
Extent of baseline stenosis of the non-infarct-related 
lesions was similar between the CR and IR groups (CR: 
83.3% ±11.7% vs. IR: 81.0% ± 10.8%, p = 0.12). There 
was no difference in Gensinis score between the two 
groups (CR = 63.2 ± 37.0 vs. IR = 65.2 ± 36.5, P = 0.814). 

Stress electrocardiography and cardiopulmonary 
exercise testing 

Results of stress electrocardiography and CPET are shown 
in Table 2. Ischemic ST deviation occurred in 7.1% of 
patients, with a peak heart rate of 129.6 ± 18.0 bpm. No 
significant differences were observed between the CR 
and IR groups with respect to any of the variables assessed 
(proportion of patients with ischemic ST deviation, peak 
heart rate, V02peai<> VO2AT and peak oxygen pulse). There 
were also no significant differences between the MVD 
groups (IR or CR) and the SVD group with regard to the 
proportion of patients with ischemic ST deviation, peak 
heart rate, V02peai< and V02at- However, there was a 
trend for V02peak and VO2AT to be lower in patients with 
MVD than in those with SVD (Table 2). The peak oxygen 
pulse was significantly different between the SVD and IR 
groups (p = 0.005), although no significant differences 
were observed between the CR group and either the SVD 
or IR groups. 
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Table 1 Participants' characteristics 





SVD (n = 118) 




CR (n = 112) 


IR (n = 96) 




p-value 


Age, years 


52.7 ± 11.1 




57.1 ±10.9 


57.3 ±11.0 




0.912 


Male, n (%) 


106 (89.8) 




102 (91.1) 


82 (85.4) 




0.401 


Hypertension, n (%) 


42 (35.6) 




54 (48.2)* 


57 (59.4)* 




0.002 


Hyperlipidemia, n (%) 


54 (45.8) 




59 (56.2) 


52 (54.2) 




0.334 


Diabetes mellitus, n (%) 


17 (14.4) 




18 (16.1) 


23 (24.0) 




0.175 


Snnol<ing, n (%) 


85 (72.0) 




80 (71.4) 


62 (64.6) 




0.052 


BMI, kg/m^ 


25.9 ±3.2 




25.4 ±2.9 


26.3 ± 3.0 




0.106 


Anterior infarction, n (%) 


67 (56.8) 




53 (47.3) 


39 (40.6) 




0.059 


Killip Class 1 on admission, n (%) 


116 (98.3) 




110 (98.2) 


91 (94.8) 




0.219 


Maximum value of CK, lU/L 


1421 ±801 




1370 ±770 


1460 ±879 




0.730 


LVEDD, mm 


49.6 ± 4.5 




49.3 ± 6.8 


50.3 ±5.7 




0.401 


LVEF,% 


57.1 ±8.9 




57.3 ±10.1 


55.9 ±9.0 




0.592 


Gensini's score 







63.2 ± 37.0 


65.2 ±36.5 




0.814 


IRA 












0.080 


LM, n (%) 


0(0) 




0(0) 


0(0) 






LAD, n (%) 


70 (59.3) 




57 (50.9) 


38 (39.6) 






LCX, n (%) 


16 (13.6) 




18 (16.1) 


18 (18.6) 






RCA, n (%) 


32 (27.1) 




37 (33.0) 


40 (41.7) 






Medication usage at the time of CPET, n (%) 














RAAS blockers 


102 (86.4) 




98 (87.5) 


88 (91.7) 




0.467 


B-blockers 


95 (80.5) 




80 (71.4) 


69 (71.9) 




0.207 


Statins 


101 (85.6) 




95 (84.8) 


80 (83.3) 




0.900 


Values are presented as mean ± SD. SVD, single-vessel disease; CR, complete revascularization; IR, incomplete revascularization; BMI, body mass index; CK, creatinine 
kinase; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; IRA, infarct-related artery; LM, left main coronary artery; LAD, left anterior 
descending coronary arteryLCX, left circumflex artery; RCA, right coronary artery; CPET, cardiopulmonary exercise testing; RAAS, renin-angiotensin-aldosterone system. 
*p < 0.05 compared with SVD group. 


Factors involved in exercise capacity 

Stepwise multiple regression analysis was performed 
to further evaluate the relationship between exercise 
capacity and the revascularization status of patients with 
MVD (i.e., those with either CR or IR). In particular, we 
were interested in determining whether CR, as compared 
with IR, was a predictor of exercise capacity. The variables 
selected for the multivariate analysis included age, gender, 
BMI, hypertension, hyperlipidemia, diabetes mellitus, 
smoking, anterior wall MI, Killip class I, peak CK value, 
LVEDD, LVEF, and SVD, CR and IR. After adjustment 


for age, gender, body mass index (BMI), cardiovascular 
risk factors, MI characteristics and echocardiography 
parameters, CR was not found to be an independent 
predictor of V02peak (OR = -0.123, 95% confidence interval 
[CI] -2.986 to 0.232, p = 0.093), VO2AT (OR = 0.002, 
95% CI -1.735 to 1.773, p = 0.983), or peak oxygen pulse 
(OR = -0.102, 95% CI -1.435 to 0.105, p = 0.090). How- 
ever, as detailed in Table 3, gender, age and LVEF were 
predictors of V02peai<> gender and anterior infarction were 
negatively correlated with V02at> and gender, age, BMI 
and LVEF were associated with peak oxygen pulse. 


Table 2 Results of the ECG stress test and CPET 














SVD (n = 118) 


CR (n 


= 112) 


IR (n = 96) 




p-value 


Iscliemic ST deviation, n (%) 


6(5.1) 


9 (8.0) 




8 (8.3) 




0.576 


Peal< lieart rate, bpm 


133.6 ±17.0 


128.6 ±18.2 


126.0 ±18.2 




0.283 


Vo2peak/ ml-l<g"^-min"^ 


23.4 ±5.5 


21.5± 


5.4 


20.1 ±5.4 




0.059 


V02AT/ ml-l<g"^-min"^ 


20.4 ±4.7 


19.0± 


4.5 


19.0 ±4.8 




0.089 


Peal< oxygen pulse, mi-beat"^ 


13.2 ±3.3 


12.4± 


3.4 


11.9±3.r 




0.016 



Values are presented as the mean ± SD. SVD, single-vessel disease; CR, complete revascularization; IR, incomplete revascularization; Vo2peak/ peak oxygen uptake; 
V02AT, oxygen uptake at anaerobic threshold. *p < 0.05 compared with SVD group. 
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Table 3 Independent predictors of short-term exercise 
capacity after STEMI 



V02peak 

Gender 

Age 

LVEF 

VO2AT 
Gender 

Anterior infarction 
Peal< oxygen pulse 
Gender 
Age 
BMI 
LVEF 



OR (95% CI) p-value 

-3.932 (-6.511 to -1.353) 0.003 

-0.092 (-0.167 to -0.017) 0.016 

0.1 14 (0.030 to 0.199) 0.008 

-3.428 (-6.755 to -0.1 02) 0.044 

-2.155 (-3.874 to -0.436) 0.014 

-3.386 (-4.690 to -2.1 07) < 0.001 

-0.043 (-0.079 to -0.006) 0.022 

0.405 (0.274 to 0.537) < 0.001 

0.086 (0.043 to 0.129) < 0.001 



OR, odds ratio; CI, confidence interval; Vo2peak/ peak oxygen uptake; LVEF, left 
ventricular ejection fraction; V02AT/ oxygen uptake at anaerobic threshold; BMI, 
body mass index. 

Discussion 

To the best of our knowledge, the present study is the 
first to directly compare the effects of CR and IR on 
CPET carried out within one month in patients with 
MVD, as a measure of myocardial ischemia. The main 
findings of our study are that there were no obvious 
differences in CPET parameters between patients with CR 
and IR, and that CR was not found to be an independent 
predictor of these parameters. In addition, the peak oxy- 
gen pulse was reduced in patients with IR compared with 
those with SVD, and there was a tendency for the other 
CPET parameters to be lower in patients with MVD than 
in those with SVD. Therefore, we provide novel data 
showing that CR is not superior to IR in terms of CPET, 
and conclude that CR may not always offer benefit over IR 
with regard to the improvement of post-STEMI ischemia. 
This is of relevance to clinicians making management de- 
cisions, and implies that CR should not be an automatic 
choice for all patients with STEMI and MVD. 

The current guidelines from the American College of 
Cardiology/ American Heart Association [18,21] and the 
European Society of Cardiology [19] are of limited help 
when it comes to synthesizing the available evidence and 
informing clinical practice on the issues of MVD in pa- 
tients undergoing primary PCI. These guidelines state 
that "although percutaneous coronary intervention in a 
non-infarct artery is not recommended in stable patients, 
it can be beneficial in hemodynamically compromised 
patients if the stenotic artery perfuses a large area of 
myocardium and the procedure can be performed effi- 
ciently." However, the low level of evidence (level C: 
"consensus opinion of experts, case studies, or standard 
of care") forming the basis of this statement limits the 
strength of this recommendation. 



A recent systematic review and meta-analysis suggested 
that multivessel PCI in subjects with ongoing or recent 
STEMI and MVD in non-culprit vessels, although not be- 
ing associated with a significant increase in adverse events, 
does not confer any meaningful clinical benefit [22] . Since 
our CEPT results also suggest that CR does not signifi- 
cantly improve CEPT parameters, we believe it is reason- 
able to recommend that multivessel revascularization 
should be only used in patients with instability or very 
high clinical risk, and that intervention should be de- 
ferred in most other subjects until the results of 
ischemia-proving tests are available. However, another 
study reported that although multivessel angioplasty 
during primary PCI for STEMI did not reduce the rate 
of major adverse cardiac events compared with culprit- 
vessel-only PCI, CR was associated with a lower rate of 
repeat revascularization after multivessel PCI [23]. 

The recent PRAMI trial showed that in patients with 
STEMI and MVD undergoing culprit artery PCI, pre- 
ventive PCI in non-infarct coronary arteries with major 
stenosis significantly reduced the risk of further adverse 
cardiovascular events, compared with PCI limited to the 
culprit artery [24]. In contrast, in our study, we conclude 
that CR may not always offer benefit over IR with regard 
to the improvement of post-STEMI ischemia. This is of 
relevance to clinicians making management decisions, 
and implies that CR should not be an automatic choice 
for all patients with STEMI and MVD. In the PRAMI 
study, patients were randomized into two groups, and 
those with preventive PCI might not undergo CR (like in 
our study), and those without preventive PCI might other- 
wise undergo CR [24]. Therefore, the results from the 
PRAMI trial could not be compared with ours. 

It has been suggested that all patients with MVD 
undergo stress testing shortly after full recovery (or 
even before discharge) in order to thoroughly appraise 
the ischemic burden of residual MVD, since it is not 
uncommon to overestimate the severity of stenosis in 
non-culprit vessels of patients with STEMI [25]. Elec- 
trocardiographic exercise stress testing is an approach 
that has been proven to be safe and useful after an 
otherwise uncomplicated MI, and can be performed 
either before discharge or later [17-19,21]. 

Still, there is no information concerning the impact of 
CR after PCI on exercise capacity measured in the early 
stages (<1 month) after acute STEMI. Although CPET 
is established as an important diagnostic modality for 
the clinical assessment of patients with heart failure, its 
potential utility for defining physiologic abnormalities in 
other patient populations is being increasingly recognized. 
Therefore, developing techniques that allow detection of 
ischemia or disturbances in O2 kinetics at an early stage, 
before the onset of ECG changes and symptoms, will 
improve diagnostic accuracy to allow suitable intervention 
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before these later effects manifest. Belardinelli et al 
[10] demonstrated that CPET was able to increase the 
sensitivity of the standard stress ECG from 46% to 87%, 
and the specificity from 66% to 74%. The physiologic basis 
for using CPET gas exchange measurements in patients 
with coronary artery stenosis was based on their ability 
to accurately identify the onset of ischemia-induced left 
ventricular (LV) dysfunction during physical exertion, 
and to precisely quantify the magnitude of the physiologic 
impairment [11]. The abnormal physiologic response to 
CPET may therefore be similar in patients with macro- and 
micro-vascular ischemia. Recently, a case report described 
the CPET abnormalities in a patient with suspected micro- 
vascular coronary artery disease (CAD), and the subsequent 
improvement in LV function following three weeks of 
medical therapy with the anti-ischemic drug ranolazine 
[26]. This would support the use of CPET for the 
assessment of ischemia severity in patients with CAD. 

Our study found that two of the parameters of exercise 
capacity, namely V02peak and VO2AT) were not signifi- 
cantly different in patients with SVD than in those with 
MVD, irrespective of whether or not they were completely 
revascularized. However, there did appear to be a trend 
for V02peai< and VO2AT to be lower in MVD patients com- 
pared with SVD, which may be due to a sample size 
not large enough to detect this difference. The only sig- 
nificant difference observed was for the peak oxygen 
pulse, which was higher in the SVD group than in the 
IR group. It thus remains possible that patients with 
MVD, particularly those with IR, show impaired exercise 
capacity as measured using CPET, which may be due 
to a number of factors. Patients with STEMI are in a 
heightened thrombotic and inflammatory state and 
may be more prone to the adverse effects of multivessel 
PCI [27,28]. Furthermore, multivessel stenting could 
potentially have adverse effects secondary to side branch 
closure and distal embolization [29,30]. In addition, it 
is becoming increasingly recognized that micro-vascular 
ischemia is a significant cause of exertional intolerance 
and angina, which can be detected earlier by CPET. 
The similar performance (in terms of CPET) of patients 
with CR and IR suggests that CR of macro-vascular 
stenosis may not be sufficient to restore the blood flow 
through micro-vessels, resulting in a comparable degree 
of ischemia. 

Limitations 

This study is not without limitations. First, this was a 
retrospective observational study, rather than a prospect- 
ive study such as a randomized controlled trial. As a 
result, we cannot exclude the possibility of a selection 
bias. Indeed, it is possible that CR was attempted and 
encouraged in patients in whom it seemed more feasible 
or more clinically relevant. It is also possible that baseline 



differences in exercise performance may have existed prior 
to PCI, and that exercise performance before MI may have 
been an important determinant of exercise performance 
shortly after PCI, especially in a non-randomized study, 
with a small numbers of patients medicated with multiple 
drugs. Since MI is unpredictable, we could not directly 
measure pre-MI exercise performance, and would have 
to rely on indirect measures such as questionnaires, 
which was not possible in the present study due to its 
retrospective nature. Second, the amount of ischemia 
damage was not directly assessed (e.g. using magnetic 
resonance imaging, MRI), but was measured using Tropo- 
nin I, which is nevertheless considered gold standard. 
Third, 97% of our sample had a Killip class 1, indicating 
that these patients were a low risk population. Achieving 
a complete CR might show more benefits in higher risk 
patients. Fourth, the treatment strategy was based on 
angiography evidences, and not on ischemia evidences. 
Finally, the choice of endpoints might affect the conclu- 
sion. In the present study, we used quantitative endpoints. 
However, studies using clinical and qualitative endpoints 
might provide inconsistent results [22]. An appropriately 
prospectively designed randomized controlled trial, with a 
larger cohort of participants and with clear measure- 
ments of ischemia (such as MRI), would allow for a 
more detailed assessment of the relative merits of CR 
and IR in patients with MVD. 

Conclusions 

In patients with STEMI and MVD, achieving CR with PCI 
might not improve exercise capacity. Our results suggest 
that in patients with STEMI and MVD, attempting CR 
in all patients may not be the best strategy, and that 
decisions regarding PCI of the non-infarct vessel(s) may 
need to be guided by objective evidence of significant 
residual ischemia. A personalized approach should be 
advocated. However, further large, randomized trials are 
needed to confirm these findings. 
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